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EXECUTIVE SUMMARY 

The purpose of this LiDAR project was to provide high accuracy, classified 

multiple return LiDAR for approximately 11,000 square miles in twenty 

counties in South Dakota. This project supports the Statewide LiDAR 

initiative.  The LiDAR data were acquired and processed by GeoDigital 

International and the primary deliverable products are classified LiDAR 

and hydro-flattened DEMs. 

 

The elevation data was verified internally prior to delivery to ensure it 

met fundamental accuracy requirements when compared to static 

GeoDigital International GPS checkpoints.  Below are the test summaries: 

  

Ground Kinematic Fundamental  

 

 The LiDAR dataset was tested to 0.091m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.047m x 1.960) 

when compared to 20,239 GPS kinematic check points. 

 

Ground Static Fundamental  

 

 The LiDAR dataset was tested to 0.128m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.065m x 1.960) 

when compared to 17 GPS static check points. 

 

Long Grass Static Supplemental  

 

 The LiDAR dataset was tested to 0.069m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.0135m x 1.960) 

when compared to 42 GPS static check points. 

 

Short Grass Static Supplemental  

 

 The LiDAR dataset was tested to 0.141m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.072m x 1.960) 

when compared to 40 GPS static check points. 
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All data delivered met or exceeds GeoDigital International deliverable 

product requirements as set out by GeoDigital International I-PROVE 

program.  
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PROJECT REPORT 

1. Introduction 

 

LiDAR data is remotely sensed high-resolution elevation data collected by 

an airborne collection platform. By positioning laser range finding with the 

use of 1 second GPS with 100 Hz inertial measurement unit corrections; 

GeoDigital International LiDAR instruments are able to make highly 

detailed geospatial elevation products of the ground, man-made 

structures and vegetation. 

 

The LiDAR ground extraction process takes place by building an iterative 

surface model. This surface model is generated using three main 

parameters: building size, iteration angle and iteration distance. 

 

The purpose of this LiDAR data was to produce high accuracy 3D terrain 

geospatial products to support the Statewide LiDAR initiative. 

 

This report covers the mission parameters and details, processing step 

outlines, and deliverables.  GPS validation reports and the Geodetic 

Control Survey Report are included as addenda to this report. 
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2. Project Boundary 
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County Name Area (sq. km) Area (sq. mi) 
Beadle 3273.51 1263.91 

Clay 1079.10 416.64 

Codington 1765.65 681.72 

Hanson 1127.39 435.29 

Miner 1480.65 571.68 

Sanborn 1475.84 569.83 

Spink 3907.86 1508.83 

Turner 1598.78 617.29 

Union 1209.85 467.12 

Yankton 1378.94 532.41 

Roberts 254.43 98.24 

Grant 244.92 94.56 

Deuel 648.89 250.54 

Brookings 1208.51 466.61 

Moody 977.84 377.55 

McCook 746.78 288.33 

Kingsbury 1490.46 575.47 

Clark 1170.49 451.93 

Davison 1130.47 436.48 

Hutchinson 2108.05 813.92 

Total 28277.49 10936.97 

Table1: LiDAR area breakdown per County 
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3. LiDAR Acquisition 

3.1. LiDAR Systems 

GeoDigital deployed three ALTM LiDAR sensors for the data acquisition 

of this project.  The 100 kHz LiDAR system is a state-of-the-art system 

that enables the combination of accuracy and rapid collection speed 

due to its high scanning rate. Sensors were OPTECH 3100EA.  

 

The Optech systems were mounted aboard a, A Cessna 310 Tail 

number N103RM, Piper Chieftain tail number N931SA and a Piper 

Navaho aircraft, registered as N59936. 

 

GeoDigital ensured that the point density and accuracy specification 

was maintained throughout the data collection and delivery process.   

 

The table below represents a list of the salient features and 

characteristics for the Optech ALTM 3100 EA system: 

 
CHARACTERISTIC ALTM 3100EA 

Manufacturer Optech 

Platform Fixed-wing/Helicopter 

Scan principle/pattern Sawtooth, uniform across 96% of swath 

Wavelength(s) (µm) 1.064 

Scan angle θ (°) Variable from 0º to +/- 25º  

Pulse rate (kHz) 0 – 100 

Scan rate (Hz) 70 

Flying height h minimum-maximum (m) 80 – 3500 

Swath width (m) Variable from 0 to 0.93 x altitude (m) 

Beam divergence (mrad) Dual divergence 0.3 or 0.8 

Laser footprint (m) 0.75 @ 1000 m h (typical) 

Across track point spacing (m) Variable 

Along track point spacing (m) Variable 

Point density (points/ sq. m) Variable 

Flying speed typical (km/h) 250 

Area/h (sq. km/h) Varies 

Net flying time max/typical (h) Typical at 7 hours 

No. of echoes per pulse 4 including last 

Intensity recording Yes 

Cameras None currently 

Ground GPS receivers (dual–frequency) Any geodetic grade  

Airborne GPS receiver (dual–frequency) Geodetic grade dual frequency 

IMU Manufacturer Litton 
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CHARACTERISTIC ALTM 3100EA 

IMU Frequency (Hz) 200 

Attitude precision roll, pitch/heading (°) 0.005 / 0.008 

Laser classification Class IV 

Eye-safe range (m) 70 (in flight) 

Power requirements 28 VDC @ 35 A (maximum) 

Operating temperature (°C) -10º to +35º 

Humidity (%) 0 to 95 non-condensing 

Sensor dimensions (cm) 16 (w) x 19 (d) x 57 (h) 

Sensor weight (kg) 23 

Sensor mount Directly to floor or to adapter for 

existing camera mount 

Control rack Single rack 

Control rack dimensions (cm) 65 (w) x 59 (d) x 49 (h) 

Control rack weight (kg) 53 

Data storage/acquisition duration Removable hard-drive 

 

3.2. LiDAR System Parameter Overview 

The LiDAR data was acquired using the following system configuration:  

 

Item Parameter Units 

Aircraft Speed 150 knots 
Data Acquisition Height 1300 m AGL 
Overlap 20-25 % 
Scanner Field Of View 22 +/- degrees 
Pulse Repetition Rate 70 KHz 
Scan Frequency 36 Hz 
Number of Returns Per Pulse 4 Discrete returns 
Beam Divergence set to narrow setting 
Flight Line Length 85 <X km 
Base Station Distance 40 <X km 

Resultant Raw Point Density 0.86 pt./m2 excluding overlap 

3.3. Base Station and Control GPS Receivers 

A combination of Sokkia GSR 2600 and NovAtel DL-4+ dual-frequency 

GPS receivers were used to support the airborne operations of this 

survey.  
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3.4. Missions Statistics 

A total of 91 missions acquired were acquired between April 3rd and 

May 16th as well re-flights on October 20th to provide complete 

coverage on this project. LiDAR flightlines were flown in multiple 

orientation blocks designed to best optimize flying time considering the 

layout for the project.   
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3.5. Horizontal and Vertical Reference Coordinate System Used 

Ten existing published NGS survey monuments (QQ0640, AC7987, PR1071, 

PR1027, AC7894, AC8003, OQ1162, AC7935, AC7901, AC7967) were observed in a 

GPS control network and used to establish six new points (368SSD-01, 
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368SSD-02, 368SSD-03, 368SSD-04, 368SSD-05, 368SSD-06) for the primary 

control for this site was observed and used to control all flight missions 

and static ground surveys.  The following are the final coordinates of 

the control points used for this project:                                                         

                                                                                                                                                                                                                                                                                                                                                       

Station Latitude Longitude 

Easting 

UTM14  

Northing    

UTM14 H-Ell H-MSL 

 (D M S) (D M S) (m) (m) (m) (m) 

Eastern Block 

368SSD04 45 00 20.58849 -97 03 31.99780 652974.1137 4985418.5658 534.6677 559.8598 

AC7987 44 53 25.34832 -97 04 33.95021 651921.9851 4972572.9879 502.2003 527.2942 

PR1027 44 07 35.76383 -96 45 31.27495 679314.1622 4888376.8313 487.2161 513.0131 

PR1071 44 31 53.59693 -96 45 23.46303 678256.4018 4933362.3296 509.1699 534.2054 

QQ0640 45 18 59.38662 -97 02 59.00412 652862.7551 5019960.2246 589.6721 614.9944 

Western Block 

368SSD01 44 16 04.38891 -97 33 06.78382 615578.0569 4902646.6456 474.0593 499.3552 

368SSD02 44 11 03.94262 -98 17 28.79747 556640.5261 4892601.3829 375.7676 401.0253 

368SSD03 44 37 58.96122 -98 18 05.66949 555396.8317 4942424.8609 370.3693 394.8881 

368SSD05 43 42 07.73595 -98 08 51.49130 568678.5464 4839145.0029 388.6436 414.8141 

368SSD06 43 24 00.35765 -97 41 41.48358 605687.7767 4806073.8534 375.8463 402.0193 

AC7894 45 09 22.94129 -98 22 35.00332 549016.1436 5000510.7875 371.6924 396.1318 

AC7901 43 04 57.50468 -97 24 35.58390 629435.0083 4771218.9022 381.7834 407.5541 

AC7935 43 27 08.77688 -97 07 20.90758 651907.9103 4812771.3508 387.4296 413.6162 

AC7967 42 51 02.63635 -96 36 31.55852 695381.0046 4747012.7324 328.9431 354.5871 

AC8003 44 53 33.72036 -98 02 38.93507 575476.2048 4971475.2176 395.901 420.3459 

KFSD 43 35 02.99664 -96 44 09.87836 682773.2995 4828178.8605 406.7137 433.0136 

OQ1162 43 39 58.08709 -97 43 45.64136 602443.5728 4835576.7017 389.1169 415.1584 

       

 

The published horizontal datum of the stations is NAD83 (NSRS) and the 

vertical datum is NAVD88 
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The projection used for all deliverables was Universal Transverse 

Mercator (UTM), Zone 14 and the units are metres. 

 

For further details concerning the control used in this project including 

the network adjustment, please see the Geodetic Control Survey 

Report in Appendix B. 

3.6. Geoid Model Used 

All elevations were referenced to the GEOID09 model, published by 

National Geodetic Survey (NGS), which was used to reduce all 

ellipsoidal heights to orthometric. 

3.7. Data Coverage 

On a mission and project level, a daily coverage check is performed in 

the field as per GeoDigital International I-Prove requirements and no 

data voids were detected unless caused by natural features such as 

open water. 

 

4. LiDAR Processing 

4.1. Airborne GPS Kinematic 

Airborne GPS kinematic data was processed on-site using                                                                                                                                                                    

GrafNav kinematic On-The-Fly (OTF) software. Flights were flown with a 

minimum of 6 satellites in view (13° above the horizon) and with a 

PDOP of better than 3.5. Distances from base station to aircraft were 

kept to a maximum of 40km. 

 

For all flights, the GPS data can be classified as excellent, with average 

GPS residuals of 3 or better but no larger than 10 cm being recorded. 

4.2. Generation and Calibration of Laser Points (raw data) 

The initial step of calibration is to verify availability and status of all 

needed GPS and Laser data against field notes and compile any data 

if not complete. 

 

Subsequently the mission points are output using Optech's Dashmap, 

initially with default values from Optech or the last mission calibrated 
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for system.  The initial point generation for each mission calibration is 

verified within MicroStation/TerraScan for calibration errors.  If a 

calibration error greater than specification is observed within the 

mission, the roll pitch and scanner scale corrections that need to be 

applied are calculated. The missions with the new calibration values 

are regenerated and validated internally once again to ensure quality.  

All missions are validated against the adjoining missions for relative 

vertical biases and collected GPS kinematic validation points for 

absolute vertical accuracy purposes. 

 

On a project level, a supplementary coverage check is carried out, to 

ensure no data voids unreported by Field Operations are present. 

4.3. Data Classification and Editing 

The data was processed using the software TerraScan, and following 

the methodology described herein. The initial step is the setup of the 

TerraScan project, which is done by importing project defined tile 

boundary index encompassing the entire project areas.  The acquired 

3D laser point clouds, in LAS binary format, were imported into the 

TerraScan project and divided into file size optimized tiles.  Once tiled, 

the laser points were classified using a proprietary routine in TerraScan. 

This routine removes any obvious outliers from the dataset following 

which the ground layer is extracted from the point cloud.  The ground 

extraction process encompassed in this routine takes place by building 

an iterative surface model.  

 

This surface model is generated using three main parameters: building 

size, iteration angle and iteration distance. The initial model is based on 

low points being selected by a "roaming window" with the assumption 

is that these are the ground points. The size of this roaming window is 

determined by the building size parameter. The low points are 

triangulated and the remaining points are evaluated and 

subsequently added to the model if they meet the iteration angle and 

distance constraints. This process is repeated until no additional points 

are added within iteration. 

 

A second critical parameter is the maximum terrain angle constraint, 

which determines the maximum terrain angle allowed within the 

classification model. The data is then manually quality controlled with 
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the use of hillshading, cross-sections and profiles. Any points found to 

be of class vegetation, building or error during the quality control 

process, are removed from the ground model and placed on the 

appropriate layer. An integrity check is also performed simultaneously 

to verify that ground features such as rock cuts, elevated roads and 

crests are present.  Once data has been cleaned and complete, it is 

then verified by a supervisor via manual inspection and through the 

use of a hillshade mosaic.  

4.4. Deliverable Product Generation 

The following products were delivered as per the consulting contract 

 

4.4.1. Metadata 
 

 Collection Report detailing mission planning and flight logs. 

 Survey Report detailing the collection of control and reference points used for 
calibration and QA/QC. 

 Processing Report detailing calibration, classification, and product generation 
procedures including methodology used for breakline collection and hydro-
flattening 

 QA/QC Reports (detailing the analysis, accuracy assessment and validation of: 
o The point data (absolute, within swath, and between swath) 
o The bare-earth surface (absolute) 
o Other optional deliverables as appropriate 

 Control and Calibration points: All control and reference points used to calibrate, 
control, process, and validate the LiDAR point data or any derivative products are 
to be delivered. 

 Geo-referenced, digital spatial representation of the precise extents of each 
delivered dataset. This reflects the extents of the actual LiDAR source provided 
in SHP format. 

 Product metadata (FGDC compliant, XML format metadata). One file for each: 
o Project 
o Lift 
o Individual tiles for all products 

 

4.4.2. Tiling Scheme 
 

 Tiled deliverables conform to the tiling scheme, without added overlap. 

 Tiled deliverables edge-match seamlessly and without gaps in both the horizontal 
and vertical. 

 Tile Naming Convention: Tiles will be named based on southwest corner of the 
1,000 m x 1,000 m US National Grid square. Tile naming convention for USNG 
Zone 14 was logically extended east to cover the USNG Zone 15 area. 

Example: 14S PJ 2590 
Where: 3 digit Grid Zone Designation, i.e. 14S 
100,000-m Square Identification, i.e. P3 
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2 digit West corner of 5,000 m grid, i.e. 25 
2 digit South corner of the 5,000 m grid, i.e. 90 

 

4.4.3. Raw Point Cloud 
 

 All returns, all collected points, fully calibrated and adjusted to ground, by swath. 

 Fully compliant LAS v1.2, Point Record Format 1 

 Georeference information was included in all LAS file headers 

 GPS times are to be recorded as Adjusted GPS Time, at a precision sufficient to 
allow unique timestamps for each pulse. 

 Intensity values (native radiometric resolution) 

 1 file per swath, 1 swath per file, file size not to exceed 2GB for long swaths. 
 

4.4.4. Classified Point Cloud 
 

 Fully compliant LAS v1.2, Point Record Format 1 

 Georeference information was included in LAS header 

 GPS times were recorded as Adjusted GPS Time, at a precision sufficient to allow 
unique timestamps for each pulse. 

 Intensity values (native radiometric resolution) 

 Tiled delivery, without overlap 
 

4.4.4.1. Classification Scheme 

 
Code Description 

 
1   Processed, but unclassified 
2   Bare-earth ground 
7   Noise (low or high) 
9   Water 
10  Ignored Ground (Breakline Proximity) 
11  Withheld  
17  Overlap, unclassified 
18  Overlap, bare-earth ground 
23  Overlap, noise 
24  Overlap, water 

 

4.4.5. Bare Earth Surface (Raster DEM) 
 

 1 meter Cell Size 

 Delivery was provided in 32-bit floating point raster format (ERDAS .IMG) 

 Georeference information was included in each raster file 

 Tiled delivery, without overlap 

 QC was performed to ensure DEM tiles show no edge artifacts or mismatch. 

 Void areas (i.e., areas outside the project boundary but within the tiling scheme) were 
coded using a unique “NODATA” value as per the requirements 

 Vertical Accuracy of the bare earth DEM was assessed and reporting is provided in 
the Positional Accuracy (Section 6) 
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 Depressions (sinks), natural or man-made, were not filled. 

 Water Bodies (ponds and lakes), wide streams and rivers (“double-line”), and other 
non-tidal water bodies as defined in Section 5.6 were hydro flattened within the DEM. 
Hydro-flattening shall be applied to all water impoundments, natural or man-made, 
that are larger than ~3/4 acre in area (equivalent to 3,000 square meters in area), to 
all streams that are nominally wider than 50’, and to all non-tidal boundary waters 
bordering the project area regardless of size. 

 

4.4.6. First Return Surface (Raster DEM) 
 

 1 meter Cell Size 

 Delivery was provided in 32-bit floating point raster format (ERDAS .IMG) 

 Georeference information was included in each raster file 

 Tiled delivery, without overlap 
 

4.4.7. Hydro Polygon Breaklines (as per section 9 of Contract Work Plan) 
 

 All breaklines developed for use in hydro-flattening were delivered in DGN format  

 Breaklines used the same coordinate reference system (horizontal and vertical) and 
units as the LiDAR point delivery. 

 Breakline delivery was a continuous layer for each county.  
 

4.4.8. Pilot Area 
 

 To ensure conformance to project specifications and stakeholders’ expectations, a 
pilot area was provided. The pilot area consisted of sixteen tiles and was 
representative sample of a mixed urban, vegetated area with the appropriate LAS 
and DEM. Acceptance of the pilot areas was received prior to proceeding with the 
remainder of the processing.  The area selected was the Dakota Dunes area west of 
Sioux City within Union County. 
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5. Quality Control  

5.1. Quality Control  

The acquisition of overlapping calibration lines for every mission is key 

to the QC process since it helps identify any systematic issues in data 

acquisition or failures on the part of the GPS, IMU or other equipment 

that may not have been evident to the LiDAR operator during the 

mission. 

 

Ground truth validation is used to assess the data quality and 

consistency over sample areas of the project.  To facilitate a confident 

evaluation, existing survey control is used to validate the LiDAR data.  

Published survey control, where the orthometric height (elevation) has 

been determined by precise differential levelling or GPS observation, is 

deemed to be suitable. 

 

Ground truth validation points may be collected for each of the terrain 

categories to establish RMSE accuracies for the LiDAR project.  These 

points must be gathered in flat or uniformly sloped terrain (<20% slope) 

away from surface features such as stream banks, bridges or 

embankments.  If collected, these points will be used during data 

processing to test the RMSEz accuracy of the final LiDAR data products. 

 

The Field Project Manager performs kinematic post-processing of the 

aircraft GPS data in conjunction with the data collected at the 

Reference Station.  Double difference phase processing of the GPS 

data is used to achieve the greatest accuracy.  The GPS position 

accuracy is assessed by comparison of forward and reverse processing 

solutions and a review of the computational statistics.  Any data 

anomalies are identified and the necessary corrective actions are 

implemented prior to the next mission. 

 

The quality control of the data products has proven to be a key 

concern by GeoDigital International clients.  Many specifications detail 

how to measure the quality of data given RMSE statistical methods to a 

95% confidence level.  In order to assure meeting all levels of QC 

concerns, GeoDigital International has quality control and assurance 

steps in both the data acquisition phase and the data processing 

phase.  Any acquired data sets that fail these checks are flagged for 

re-acquisition. 
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5.1.1. System Logger – Power Up Health Checks 

The system logging software performs automatic system and 

subsystem tests on power-up to verify proper functionality of the 

entire data acquisition system.  Any anomalies are immediately 

investigated and corrected by the operator if possible.  Any 

persistent problems are referred to the engineering staff, which can 

usually resolve the issue by telephone and/or email.  In the unlikely 

event that these steps do not resolve the problem, a trained 

engineer is immediately dispatched to the project site with the 

appropriate test equipment and spare parts needed to repair the 

system. 

 

5.1.2. System Logger – Real Time Acquisition Checks 

The system logging software continuously monitors the health and 

performance of all subsystems.  Any anomalies are recorded in the 

System Log and reported to the operator for resolution.  If the 

operator is unable to correct the problem, the engineering staffs 

are immediately notified.  They provide the operator with 

instructions or on-site assistance as needed to resolve the problem. 

 

If any aspect of the data does not appear to be acceptable, the 

operator will review system settings to determine if an adjustment 

could improve the data quality.  Navigation aids are provided to 

alert both the pilot and operator to any line following errors that 

could potentially compromise the data integrity. The pilot and 

operator review the data and determine whether an immediate re-

flight of the line is required. 

 

5.1.3. Post-Acquisition Data Check 

After the mission is completed, the raw data on the removable disk 

drive is transferred to the Field PC at the field operations staging 

area.  An automated QA/QC program scans the System Log as well 

as the raw data files to detect potential errors.  Any problems 

identified are reported to the operator for further analysis.  Data is 

also retrieved from all GPS Reference Stations, which were active 

during the mission and transferred to the Field PC.  The GPS data is 

processed and tested for internal consistency and overall quality.  
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Any errors or limit violations are reported to the operator for more 

detailed evaluation. 

 

5.1.4. Data Viewer Analysis 

The Field Project Manager utilizes a data viewer installed on the 

Field PC to review selected portions of the acquired raw data, this 

permits a more thorough and detailed analysis of the 

data corrupted files or problems in the data itself are noted.  If the 

data indicates improper settings or operation of the sensors, the 

Field Project Manager determines the appropriate corrective 

actions needed prior to the next mission. 

 

5.1.5. Data Backup with Redundancy 

All acquired raw data is copied from the Field PC onto two 

separate removable hard drives: one for transfer to QA/QC, and 

one for local backup.  Each hard drive is reviewed to ensure data 

completeness and readability.  

  

5.2. Quality Control for Data Processing 

Quality assurance and quality control procedures for the raw data and 

derivative products are performed in an iterative fashion through the 

entire data processing cycle.  All final products pass through a six-step 

QC control check to verify that the data meets the criteria specified by 

GeoDigital International. 

 

The following list provides a step-by-step explanation of the process 

used by GeoDigital International to review the data prior to customer 

delivery.  

 

5.2.1. LiDAR Calibration 

 

5.2.1.1. Calibration Setup and Data Inventory 

Data collected by the LiDAR unit is reviewed for completeness 

and to make sure all data is captured without errors or corrupted 

values.  In addition, all GPS, aircraft trajectory, mission 

information, and ground control files are reviewed and logged 

into a database.  
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5.2.1.2. Boresight 

The LiDAR data is post processed and calibrated as a preliminary 

step for product delivery initially with default values from the 

sensor system manufacturer or the last mission calibrated for the 

system.  The initial point generation for each mission calibration is 

inspected for flight line errors, flight line overlap, slivers or gaps in 

the data, point data minimums, or issues with the sensor unit.  If a 

calibration error greater than the project specification is 

observed within the mission, the roll, pitch and scanner scale 

corrections that need to be applied are calculated. The missions 

with the new calibration values are regenerated and validated 

internally once again to ensure quality.  Flight line swath overlap 

is confirmed to the adjacent flight lines at the tolerance 

specified by the client for overlap throughout the project area 

thus enabling an evaluation of data reproducibility throughout 

the areas.   

 

5.2.2. Calibrated Ground Truth Validation 

A preliminary RMSEz error check is performed at this stage of the 

project life cycle in the raw dataset against GPS static and 

kinematic data and compared to RMSEz project specifications. The 

LiDAR data is examined in open, flat areas away from breaks and 

under specified vegetation categories. This step is repeated in 

production against the final bare earth LiDAR model. 

 

5.3. LiDAR Production 

5.3.1. Production Setup Quality Control 

Once the data enters the bare earth extraction stage, a checklist 

verifying all the components of the project have been received in 

good order. 

 

5.3.2. Ground Extraction Quality Control 

Once the raw LiDAR data is ready for the bare earth extraction 

stage, all points are classified as ground and non-ground features 

and the subsequent quality control takes place to ensure an 

accurate data set is produced: 
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 The non-ground LiDAR point cloud product is reviewed as LiDAR 

points and/or surface and attention is placed on locating and 

eliminating any outlier or anomalous points beyond three-sigma 

values.  LiDAR points returning from low clouds, birds, pollution, or 

noise in the system can cause spikes.  Pit-like low returns can 

come from returns on building windows (corner reflectors) or 

from system noise.  Either type of point needs to be classified as 

an error point and eliminated from use by any DEM or derivative 

products.  In addition to these outliers, the non-ground LiDAR 

point cloud is reviewed for regular looking non-surface errors like 

scan lines appearing in the data.  Also, any localized errors 

remaining between flight lines are measured and adjusted as 

needed. 

 

 Unusual or odd-looking features and questionable returns are 

checked for validity and compared against additional source 

material such as aerial photos, USGS digital maps, local maps, or 

by field inspection.  Most errors found at this QC step can be 

resolved by re-calibration of the data set or by eliminating 

specific problem points. 

 

 Any valid non-ground LiDAR points representing vegetation, 

buildings and non-regular structures or features like radio towers, 

water bodies, bridges, piers, are confirmed to be classified into 

the category specified by the client for these feature types.  

Additional data sets like commercially available data sources or 

data sources provided by the client may be used to assist and 

verify that points are assigned into correct classifications. 

 

 After the non-ground LiDAR points are certified as passing for 

completeness and for the removal of outliers, attention is shifted 

to quality controlling the bare earth model.  This product may 

take several iterations to create it to the quality level that the 

client is looking for.  As GeoDigital International and the client 

inspect the bare earth model, adjustments are made to fine 

tune and fix specific errors. 

 

 Adjustments to the bare earth model are generally made to fix 

errors created by over aggressive bare earth extraction 
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algorithm results along mountaintops, shorelines, or other areas 

of high percent slope.  Also, vegetation artefacts leave a 

signature surface that appears bumpy or rough.  Every effort is 

made to remove any vegetation remnants from the bare earth 

model.  All adjustments are made by re-classifying points from 

ground to non-ground or vice versa.  All adjustments are made 

to the LiDAR points and not gridded products to achieve the 

highest quality results. 

 

5.3.3. Final Bare Earth Ground Truth Validation 

RMSEz is inspected in the bare earth model and compared to 

project specifications.  RMSEz is examined in open, flat areas away 

from breaks and under specified vegetation categories.  All 

accuracy results are reported to the 95% confidence interval for the 

different categories as available and required.   A point comparison 

of a recently acquired or existing high confidence ground survey 

point to a TIN generated from the bare earth LiDAR surface. The 

tolerance for comparisons of control data to the LiDAR TIN elevation 

is that all sides of the TIN triangle must not be longer than 4.5m to 

ensure an accurate comparison of surface to the discrete points.  

6. Positional Accuracy 

6.1. Vertical Positional Accuracy 

Prior to delivery the elevation data was verified internally to ensure it 

met fundamental accuracy requirements of 24.5cm vertical accuracy 

at the 95% confidence level in open, non-vegetated terrain (2 sigma = 

RMSE * 1.96) when compared to GeoDigital International kinematic 

and static GPS checkpoints.   

 

Data is compiled to meet 1.04m horizontal accuracy at the 95% 

confidence level in open, non-vegetated terrain (2 sigma = RMSE * 

1.96) 

 

Below are the test summaries: 

  

Ground Kinematic Fundamental  

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 26 

 The LiDAR dataset was tested to 0.091m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.047m x 1.960) 

when compared to 20,239 GPS kinematic check points. 

 

Ground Static Fundamental  

 

 The LiDAR dataset was tested to 0.128m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.065m x 1.960) 

when compared to 17 GPS static check points. 

 

Long Grass Static Supplemental  

 

 The LiDAR dataset was tested to 0.069m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.0135m x 1.960) 

when compared to 42 GPS static check points. 

 

Short Grass Static Supplemental  

 

 The LiDAR dataset was tested to 0.141m vertical accuracy at 95% 

confidence level based on consolidated RMSEz (0.072m x 1.960) 

when compared to 40 GPS static check points. 

 

A detailed comparison is provided in Appendix A - GPS Validation. 

7. Issues and Resolutions 

 

A later than expected notice to proceed date, the addition of counties 

subsequent to mobilization and poor weather during the acquisition 

period resulted in a completion date that was beyond the contractual 

requirement.  GeoDigital performed and provided to the State daily 

vegetation analysis and penetration to ground to ensure that project 

standards were met in a consistent manner. 

 

The higher than expected data volume resulted in a longer processing 

timeline to ensure data quality and accuracy requirements were met in a 

consistent manner. 
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Due to crashed processing timeline an additional processing 

subconsultant had to be contracted to complete the eastern counties of 

the project in an effort to maintain the original project timeline.  The 

geographical break between counties provided a logical divide between 

areas assigned to respective consultants; hence no edge matching issues 

occurred. 

 

As a pro-active measure, in lieu of delivering the project beyond the 

required cut-off date of August 31st (Project completed October 31st), 

GeoDigital is providing one year subscription of data web-hosting and 

viewing software at no charge to the State of South Dakota. 

8. Conclusion 

Overall the LiDAR data products submitted to the State of South Dakota 

meet or exceed both the absolute and relative accuracy requirements as 

well as technical requirements set out in the Project Management Plan for 

this project.  The quality control requirements of GeoDigital International  I-

PROVE program were adhered to throughout the project cycle to ensure 

product quality. 
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Appendix A GPS Validation 

 

Fundamental Kinematic Validation layout 
 

 

 

Fundamental kinematic Vertical Accuracy Summary 

Ground Kinematic Fundamental 

 

Sample Size 20239 Points Std. Dev. 0.003 meters 

sum 43.934 meters Skew 0.301 meters 

average 0.000 meters Min -0.237 meters 

RMSE 0.047 meters Max 0.186 meters 

NSSDA 0.091 meters Range 0.423 meters 

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 29 

Kinematic_Ground_F
undemental

 
 

 

 

 

Fundamental and Supplemental Static Point Layout 
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Fundamental and Supplemental Static Vertical Accuracy Summaries 

 

Ground Static Fundamental 

 
Sample Size 17 Points St. Dev. 0.006 meters 

sum 0.073 meters Skew 0.677 meters 

average -0.032 meters Min -0.148 meters 

RMSE 0.065 meters Max 0.122 meters 

NSSDA 0.128 meters Range 0.270 meters 

 

Static_Ground_Fund
emental

 

Long Grass Static Supplemental 

 
Sample Size 42 Points St. Dev. 0.006 meters 

sum 0.200 meters Skew 0.052 meters 

average 0.016 meters Min -0.132 meters 

RMSE 0.069 meters Max 0.145 meters 

NSSDA 0.135 meters Range 0.277 meters 

 

Long_Grass_Supplem
ental

 
 

Short Grass Static Supplemental 

 

Sample Size 54 Points St. Dev. 0.005 meters 

sum 0.278 meters Skew 0.242 meters 

average 0.001 meters Min -0.146 meters 

RMSE 0.072 meters Max 0.143 meters 

NSSDA 0.141 meters Range 0.289 meters 

 

Short_Grass_Supple
mental

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 31 

Appendix B Geodetic Control Survey Report 
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Fully Constrained Network East 
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Un-Constrained Network East 

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 42 

  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 43 

 

  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 44 

 

  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 45 

 

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 46 

 

Fully Constrained Network West 
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Un-Constrained Network West 
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NGS Data Sheets, Set Point Station Descriptions and Photos 

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 62 

  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 63 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 64 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 65 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 66 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 67 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 68 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 69 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 70 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 71 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 72 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 73 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 74 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 75 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 76 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 77 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 78 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 79 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 80 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 81 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 82 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 83 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 84 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 85 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 86 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 87 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 88 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 89 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 90 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 91 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 92 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 93 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 94 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 95 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 96 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 97 

 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 98 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 99 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 100 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 101 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 102 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 103 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 104 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 105 

 
  



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 106 

 



 

 

Error! Reference source not 

found.South Dakota LiDAR Project 

Report 

 

GDI #:368_SSD12-1 Error! Reference 

source not found.Error! 

Reference source not found. 

 

 107 

 


